A 68-year-old woman exhibited an increasingly protruding mass on the left heart border on chest X-ray. Transthoracic echocardiography revealed an echo-free mass in the anterior pericardial space. Transesophageal echocardiography revealed blood flow from the proximal left anterior descending coronary into a large coronary artery aneurysm measuring 61 mm × 51 mm in diameter and a quadricuspid aortic valve with a small cusp between the left and right coronary cusps. Coronary angiography demonstrated the presence of a coronary aneurysm connected to the proximal left coronary anterior descending artery. A giant coronary artery aneurysm and pulmonary artery fistulas extending from the left and right coronary arteries were confirmed by surgeons and successfully treated with surgery.
Introduction
A coronary artery aneurysm is defined as a coronary dilatation that exceeds the diameter of normal adjacent segments by a factor of 1.5 (1) . The etiology of coronary aneurysms involves congenital malformation, atherosclerosis, chest trauma, Kawasaki disease, sarcoidosis, Behcet's disease, systemic lupus erythematosus, directional coronary atherectomy and postimplantation of a drug-eluting stent (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . Coronary artery fistulas are a common congenital disease that is often combined with giant coronary aneurysms (13) . A giant coronary aneurysm may cause coronary artery rupture, thromboembolism or hemodynamic problems related to compression. Rupture and cardiac tamponade may occur without the development of progressive dilatation (14) . Therefore, making an earlier diagnosis is very important, and a noninvasive diagnosis may be useful for evaluating the time course of the disease and selecting a treatment strategy. We diagnosed the present patient noninvasively with an extremely large left coronary artery aneurysm measuring 61 mm in diameter in association with a quadricuspid aortic valve using echocardiography and multidetector row CT. We were not able to find this combination of anomalies reported in any recent literature and consider this diagnosis to be very rare. was protruding; however, the pulmonary vasculature was not increased (Fig. 1) . Electrocardiogram (ECG) showed a normal electrical axis and flat T waves in lead V5,6. A huge echolucent mass measuring 61 mm × 51 mm in diameter in the pericardial space was noted on transthoracic echocardiogram; however, the relationship of the mass to the left coronary artery was not well documented. Mild aortic regurgitation was also noted. The left ventricular diastolic dimension was 46 mm, the left atrial dimension was 42 mm and the left ventricular ejection fraction was 74%. On transesophageal echocardiography, the left main coronary artery measured 6 mm in diameter, the giant aneurysm was connected to the left anterior descending coronary artery and blood flow from the proximal left anterior descending artery into the aneurysm with a mural thrombus was observed (Fig. 2) . The aortic valve was a quadricuspid aortic valve with three large cusps and one small cusp, with the small cusp located between the left and right coronary cusps on transesophageal echocardiography (Fig. 3) . Multidetector row contrast-enhanced CT demonstrated the presence of a late enhanced mass measuring 50 mm × 62 mm in diameter (Fig. 4) . The presence of a quadricuspid aortic valve was also confirmed on CT and contrast aortography (Fig. 4) . Left coronary angiogram showed the jet flow from the proximal left anterior descending coronary artery (segment 6) into the huge aneurysm, while the flow in segment 7 of the anterior descending coronary artery was to and fro; therefore, segment 8 of the left coronary descending artery was not well visualized on left coronary angiogram (Fig. 5 ). There were no visible exit vessels from the aneurysm on coronary angiogram because the aneurysm was too large for contrast media to stain the exist vessels extending from the aneurysm. Multidetector row 3D contrast CT also failed to visualize the exit vessels from the aneurysm. The right coronary artery arose from the right coronary cusp and showed a slightly anterior origin with a fistula to the pulmonary artery (Fig. 5) . A dilated tortuous vessel at the anterior wall of the right ventricular outflow tract was also visualized on multidetector row 3D contrast CT. No aneurysms were found in the right coronary artery fistula. Intracardiac blood sampling showed no significant increases in the oxygen saturation in the pulmonary artery, while the left to right shunt flow was too small to be measured. The presence of the giant coronary artery aneurysm and pulmonary artery fistulas extending from the left and right coronary arteries was confirmed by surgeons. One connection site was observed between the left anterior descending coronary artery and the aneurysm with an orifice that measured 5 mm in diameter. Two exit vessel orifices of the aneurysm measuring 0.5-1 mm in diameter connected to the pulmonary artery were observed. The one entry and two exit orifices of the aneurysm were closed with direct suture at the inner side of the aneurysm. The aneurysm was resected and sutured. Aortocoronary bypass using the left internal thoracic artery was performed. The patient developed no symptoms of myocardial ischemia after surgery. The patency of the bypass graft and disappearance of the aneurysm were observed on contrast-enhanced multidetector row CT two months after surgery.
Discussion
Coronary artery aneurysms may be caused by coronary arteritis, congenital malformations, postcoronary interventions and chest trauma (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) . The aneurysm in the present case was associated with coronary pulmonary artery fistulas and had a short trunk measuring 2-3 mm in length branching from the left anterior descending coronary. The presence of two exit vessels from the aneurysm to the pulmonary fistulas was confirmed during surgery. Therefore, the pathogenesis may be congenital and associated with coronary pulmonary artery fistulas. The size of the aneurysm measured on CT was very large (62 mm in diameter). Holinski reported the case of a 63-year-old man with two aneurysms of the circumflex coronary artery measuring 65 mm in diameter and noted that giant coronary artery aneurysms (defined as aneurysms larger than 20 mm in diameter) are extremely rare (15) . The size of the aneurysm in the present case is the second largest reported in the literature. The prevalence of giant coronary aneurysms was reported to be six out of 30,268 patients who underwent heart surgery at Fuwai Hospital in Beijing (13) . Five of these six cases were associated with coronary artery fistulas, as in our case. Making an earlier noninvasive diagnosis of coronary artery aneurysms may be clinically relevant because thromboembolism, rupture and hemodynamic problems related to compression may occur. Echocardiography and multidetector row CT are useful for diagnosing coronary aneurysms (3, 16, 17) . In the present case, transthoracic echocardiography also visualized the giant echolucent mass in the pericardial space; however, transesophageal echocardiography was more useful for precisely visualizing the color Doppler flow into the aneurysm from the donor left anterior descending coronary artery. In addition, we were able to detect the quadricuspid aortic valve with mild aortic regurgitation on transesophageal echocardiography and multislice CT. Quadricuspid aortic valves are classified into five types: one small and three large cusps (67%), four equal cusps (18%), four unequal cusps (6%), three small and one large cusp (6%) and two small and two large cusps (3%) (18) . Our present patient had one small and three large cusps with the small cusp noted between the left and right coronary cusps, the type that is most frequently observed in the literature. There is one case report concerning a quadricuspid aortic valve present in combination with coronary artery stenosis and an abdominal aortic aneurysm and another case report of a quadricuspid aortic valve with sinus of Valsalva rupture (19, 20) . However, we could not find any reports of a quadricuspid aortic valve occurring in association with a giant coronary aneurysm in the previous literature. The congenital pathogenesis of the above combination of anomalies is unclear. Davia reported seven cases (0.008%) of quadricuspid aortic valves among 2,400 autopsy cases; however, none of these cases were associated with congenital cardiac defects (21). Hurwitz also described one case of a congenital cardiac defect among 15 cases of quadricuspid aortic valves reported in the literature (22) . On the other hand, quadricuspid pulmonary valves may be more frequently associated with congenital cardiac defects (29%). Therefore, the present combination of a quadricuspid aortic valve occurring in association with coronary artery fistulas and a giant coronary artery aneurysm appears to be extremely rare.
Coronary artery aneurysms are usually medically followed without surgery if the aneurysm is not too large or expanding. Giant coronary aneurysms may cause fatal complications, that is, coronary rupture and cardiac tamponade. In cases of giant aneurysms, aneurysm resection, coronary artery reconstruction and concomitant coronary bypass are usually planned (13, 15) . Recently, transcutaneous closure to treat coronary artery fistulas and aneurysms has been attempted using covered or noncovered stent, coils, Amplatzer muscular VSD devices, Amplatzer duct occluder devices and Gianturco Grifka vascular occlusion devices (1, (23) (24) (25) (26) . We also experienced a patient with a coronary artery right atrial fistula in whom we closed the fistula with a coronary stent and multiple coils, monitoring the coronary flow changes with a Doppler guide wire (27) . In the present case, the aneurysm was too large, expansive and somewhat risky to be closed with coils. Another choice of therapy may be closure of the orifice of a fistula with a covered stent, although this may cause restenosis or thrombosis. Moreover, in Japan, these devices are for limited use; therefore, we chose to use classical surgical closure in the present case. The quadricuspid aortic valve was not treated because the aortic regurgitation was mild. If the quadricuspid aortic valve develops severe aortic regurgitation, the patient may need aortic valve surgery in the future.
Transesophageal echocardiography and multidetector row CT well visualized a very rare case of an extremely large coronary artery aneurysm connected to the left anterior descending coronary artery in association with a quadricuspid aortic valve. The pathogenesis of the giant coronary aneurysm was suggestive of coronary pulmonary artery fistulas, and the aneurysm was successfully treated before rupture.
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